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  IMECE2006-14861Introduction- Direct-write fabrication process 
(DWFP) is a robotic deposition technique used to 
produce planar or three-dimensional (3D) 
microscale structures. These structures consist of 
paste-like filaments which are extruded through a 
micronozzle and deposited on a substrate [1]. 
These filaments are encapsulated inside an epoxy 
resin and then melted and removed by applying a 
moderate temperature for the creation of 
microfluidic components (e.g., microchannels, 
reservoirs). Following our previous reports [2-3] on 
the fabrication of microchannels by DWFP and 
high precision CMOS capacitive sensors [4], we 
present in this paper a microfluidic packaging 
procedure to realize microchannel and fluidic 
connections on top of CMOS chip. The 
compatibility of this fluidic packaging procedure 
with conventional electrical packaging techniques 
(e.g. wire bonding) is an important advantage of 
DWFP for CMOS based Laboratory-On-Chip 
applications. The fabrication challenges are 
discussed in the experimental section.  
Packaging Procedure- Before depositing the 
ink on top of the CMOS chip, a partially cured 
epoxy resin is gently pourred at different locations 
on electrically packaged chip in order to 
encapsulate the bonding wires. The resin naturally 
covers the bonding wires and flows away from the 
die due to the surface tension. The trajectory of the 
ink deposition is then defined from the surface 
profile of the epoxy encapsulated wire bonding 
substrate. The measured surface geometry is 
programmed into the microrobot control software 
and the micronozzle is manually aligned over the 
microelectronic device. The ink filament is then 
deposited on the chip where a microchannel is 
desired. Fluidic fittings are installed close to the 
microchannel using a micromanipulator before 
performing the final epoxy encapsulation. The 
fugitive ink is melted at moderate temperature and 
removed as the final step. 
Advantages- This fluidic packaging procedure is 
inexpensive, simple and compatible with standard 
microelectronic chip and electrical packaging From: https://proceedings.asmedigitalcollection.asme.org on 06/29/2019 Terms of U 
because of the low temperature process and no 
chemical solutions are required.  
Alignment accuracy- The alignment is visually 
performed using a stereomicroscope and a small 
micronozzle. The tip of the nozzle is moved by the 
microrobot, set in manual mode, over specific 
locations of the sensing electrodes in order to 
determine the deposition pattern data points. The 
maximum magnification of the stereomicroscope 
used (SZX7, Olympus Inc.) is 250X. The minimum 
observable feature size with the naked eye is 
assumed to be 1 mm and the observation error E 
calculated is 4 μm (i.e., 1mm / 250). When the 
micronozzle is moved along one direction to reach 
a desired location as shown in Fig. 1, two points 
(i.e., A and B) can be defined at the limit of the 
position uncertainty of distance x1 and x2, 
respectively. The relations between 1x and 2x are 
Dxx =+ 21                              (1) 
Exx <− 21                             (2) 
The expressions (1-2) can also be expressed by  
2/)(1 DEx +<                       (3) 
2/)(2 EDx −>                        (4) 
Therefore, the maximum alignment error along one 
axis is approximately (D+E)/2 or 7 micron. 
Experimental results- Fig. 2 shows a SEM image 
of the microchannel cross section fabricated by  
DWFP. The laser profile images of microelectronic 
chip are shown in Figs. 3 and 4. Uneven surfaces 
are observed on top of microelectronic die as 
shown in Fig 3. Based on the height measurements, 
the height alignment error is greater than 10 μm. 
The surface profile of the epoxy resin boundary 
between the pads and the die is shown in Fig. 4. 
The laser profile of this chip from the indicated line 
(profiler trajectory) in Fig. 6 is shown in Fig. 5. 
These measurements are used to program the 
microrobot ink deposition pattern on the chip. Fig. 
6 shows a SEM image of microelectronic chip and 
wire bonding covered by epoxy resin and a thin 
layer of gold for clear SEM visualization. 
 
1 Copyright © 2006 by ASME
se: http://www.asme.org/about-asme/terms-of-use
Downloaded References 
[1] Lewis, J.A.; Current Opinion in Solid State 
and Materials Science, n 6, 2002. 
[2] Ghafar-Zadeh, E.; Sawan, M.; Therriault, D. 
ASME, IMECE, Oct.  2005.  
From: https://proceedings.asmedigitalcollection.asme.org on 06/29/2019 Terms of U[3]  Ghafar-Zadeh, E.; Sawan, M.; Therriault, D., 
NSTI, Nanotech, May 2006. 
[4] Ghafar-Zadeh, E.; Sawan, M., IEEE CCECE, 
May 2006.      
 
Fig. 1. Illustration of alignment error.        
   
 
Fig. 4. Laser profiler image of pads on CMOS die. 
 
 
Fig.2. SEM image of cross sectional view of 
microchannel on top of chip (scale bar = 30μm). 
 
Fig.5. Laser profiler curve from the trajectory 
shown in Fig. 6. 
 
Fig.3. Laser profiler image of CMOS die surface. 
 
 
Fig. 6. SEM image of microelectronic chip coved 
by epoxy resin (scale bar = 100μm). 
 
2 Copyright © 2006 by ASME
se: http://www.asme.org/about-asme/terms-of-use
